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Abstract 



PROBLEM TO BE SOLVED: To provide a lithium ion secondary battery employing a low crystalline carbon 
as a negative active substance which is superior in safety, high charging capacity, and superior practicality. 
SOLUTION: A lithium ion secondary battery having a positive electrode made of lithium transition metal 
oxide, a negative electrode made of a carbonaceous material, and an organic electrolyte 3, wherein a 
negative electrode active substance is composed of carbon particles of 3.45&angst or more in average inter- 
layer distance [d002j, and the carbon particles 1 are coated with an ion conductive polymer solid electrolyte 
2 with lithium ion conductivity at normal temperature is 5* 10<-5> S/cm or more. 
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(54) LITHIUM ION SECONDARY BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a lithium ion 
secondary battery employing a low crystalline carbon as 
a negative active substance which is superior in safety, 
high charging capacity, and superior practicality. 

SOLUTION: A lithium ion secondary battery having a 
positive electrode made of lithium transition metal 
oxide, a negative electrode made of a carbonaceous 
material, and an organic electrolyte 3, wherein a 
negative electrode active substance is composed of 
carbon particles of 3.45&angst; or more in average 
inter- layer distance [d002], and the carbon particles 1 
are coated with an ion conductive polymer solid 
electrolyte 2 with lithium ion conductivity at normal 
temperature is 5xlO" 5 S/cm or more. 



mm « :m~ 






• • ■ 




m 


i 






9 

\ 



f 

4 



1 



COPYRIGHT: (C)1997,JPO 



(19) H«fl4*Wjr (JP) 



02) & H & Wf & « <A) 



#M^9- 330717 

(43)2HBB 9 4^(1997) 12^220 



(51) IntCl. 8 
HO 1M 



// C 0 1 B 



4/58 
4/02 
10/40 
31/02 



10 1 



F I 

H0 1M 4/58 
4/02 
10/40 

C 0 1 B 31/02 



D 

Z 

1 0 IB 



mum* n^©«ci ol & e m 



(21) 4$«¥8 - 147027 


(71)W©A 


000005810 












(22)fflBiB ^8^(1996) 6^100 




*B3&3S*TfrSiir 1 TB 1 #88 






(72)«^# 


«□ HA 








^R«*«K-TB 1 #88 














(72)5STOf 


mm m-m 








ARHm*maa-TB 1 #88 














mmmm 










AK^*Ttfi^-Ta 1 #88 














(74)f$®A 







(54) [^W©^] >JfWt>=» 




(57) [mm] 

[RIB] Att^Kfc«S*tt#— # ^*flv v fc y ^ 

v*ma> b * s ^ n 5 & x xntmrnam 3 & *pf 

Jgffi£ffll Cd 0 0 2] ^3. 4 5 A&>±L<D$— tflsfo* 



1 



1 : *—tfyfr? 

3 : *a«fi¥ft 

4 : 

5 : S/-h«©flffil«^f* 




1 

i ] y * ^i^^i^^^ * a jEffi, 

sggt tdoo2] a* 3. 4 5 ajeijko*— #^«i^e> 
ft 9, i»o:o*- #:x*fr?j&s#i&K:*3tta y 

tyf5»S5X 1 O s S/cmJ^JiT*&5^>'fcWiE 

[$gW<£>i£*fflftifc9!] 

[0 0 0 1] 
[0 0 0 2] 

^i-y ^A&M£/fl^y^Amft!if:£, ass<z>«^ 
[ooo3] y ^VJx&m&wzftfrzhcot tt, 1# 

^¥4-2 4 8 3 1^, 1^5- 1 7 6 6 9-^ft 

£ £ -eajSfcSRJ&SrfT 9^ a}?^** 

[ooo4] ^p^ib^nx^sy^^A^^-v- 
<D&m*xf&m&i<Dmffii®m-?foz> 3 7 2mAh/ g c 

2 [sIfi»fc^#JW*:£^«*l|j (1 9 9 5^) ft i?K 
[0 0 0 5] £*UZ1»U <&f£itH4;&— ^i^O-lfP^ 




431^9-3 3 0 7 1 7 



I 0 0 0 6] 

^mmxmm'r^mm^< ft 9 , 

£riMHOTi£L*-*-<, ro^Jsy^^^^WWt-<fc-o 

[0 0 0 7] Ife^Sot, iMifitoKKHSgf 
10 ictCix, ;5>o3^gfi<z>*:#l\ Hfflttt^-TCixSy 

[0008] 

W^W5fc», ^ frit?— X£r3, 

0 0 o^-ej^fifeLfcBfeMb^— rf^ (d 0 0 2 : 3. 3 

7 A) ^ 7 0 Onc-CjftfiKLfcteJfeStt*— aK> (dOO 
2:3. 6 1 A) «rJflv>T, Affi^Sfett«K4«:ttW U 
20 7C 0 

[000 9] 02(1, ^©fe^Sr^to y^^A^r^->- 

^m^tf 9 xK^^t-y^^^-r^- 

y * A(Z)tf4Tfea ovi: 

i^m^^mff^^S)^^Hft^^ir/5^> mm 
t&<D&mmxkA,i*&z. bftv\ 
[0010] ua»u ^o^mMf^b 

30 ^0V#fC#6fci6, ^V^SSicy ^A&JRj&S 
[0 0 11] RJS«©»»JJ:BRU-C^CS«tt:«:j||jrr 

mmmvm ca 0 0 2) £&«y^*Am{fcfl-ia©Affi 

7c 0 r^JtmSr^-rSa^b, d 0 0 2*5 3. 4 5 AJ£A 
5 0 r^^bt^S «t 51-. d 00 2^3. 45 

[0012] ore, r<o«t5ftte*gf B 

ifcldo^TtftNLfco -tote*, fifefitt*— 
50 Jg-cftfll-rsi:. JiEMJB*:Wft"C*5wi:sftSM»o 




3 



[ooi3j &ft*mttnffimm&mvz>k, 
©o^y^i^^vte^&asii&^tt^ y^^ 

MtKtt* tims y f !>M tyft^iS x l 

[0 0 15] &J:©ftijl«r*^#3tertS#i.fc 
m [d 00 2] &3. 4 5 A£LbO#— /}?V*fc^£>fc 

[0 0 16] 

S*l*v\ c |ft3briRie5Jte*»^>f X [Lc] ^ioo 
[o 0 l 7] ^Mt-asv^Ttt, 

»jat^»t6y^^A>rd-veiff«*s5 x i o- s s/cm 

J^Jt, t< ttl X 1 O^S/craJ^ir-^^^^Wc 

wttifit^ia^Wff-ciftaii-s. ±ie<£>j:?#y^* 




*#ffl*P9-3 3 0 7 1 7 



4 

->K££)*S£*#, rti^roil^, fcSVMaritk© 

[ooi8] _blS^>y^^A^^-^^i:^ 
Hffr©#St£ yf^AS#S"Cfc5L i PF 6 irSrfiS; 

ft y^&) ri-yj-y—zm^x, & 

l^fyf-^y^ WtlOOmHz-lOOkH 

z) S'J^^fTi\ ^e^v^-r ^tf—^V;* (Jg£t) <£> 

*r*«H-sfc*e>, jiiEmftw^is^y^^A^^wH 

[0 0 19] £©J:5*ffi#^@tra«MRtex BUM* 
ii^O. 0 5 /^mJ^±, L < 0 . l^m 

20 -r^5£, y^^A^^^co^s&e^:^#<^i9, « 

[0020] ffi#^@#S#«IR<^iStt, -fl£t-l*, 
n y KVO J: 9 ITM^II! L, 

j>^mmt£¥bmmvx$km&m*mmvs 

[0 0 2 1] £*tt*s»-r5£. Jj?^»5fc 

•rzt^*>j?m&&m^xt>£\<\ ^©i^ ^te^iK 

40 [0 0 2 2] 01*4, ^tt^4^J:gB^a<fiS^@ 

mmzft+w&nmnm 2 j: v , mmmm 

[0023) *&mzL&\t*x. &mtm?t-'&t>-tkxfem 
50 -r^iE^tt, » j*m&&mmt%sx$>tu*k < 




sr^mttyn. L i C o Oj & ¥<D }) J±=i /</ls b f&ifc 
L iMnO ( /i^yf ^Avy^yi«^ 

[0 0 2 4] wamfiw^mftm t tris, l i 

C 1 O, , LiPF 6 , L i B F 4 n LiAsF,, L 
iSbF,» LiCF,SO,» LiCF,CO,4i? 10 
■*\ ^fiH, L i 2 C 2 F* (SO,) 2 , L i N (C 
F,S0 2 ) 2 , LiC (CF, S0 2 ) s> LiC„ 
F.nSO, (n>=2) fc^d*. ^T^^Ji2^ 
±^UTffi^^n^o r^^T*^ LiPF 6 ^ 
L i C n F 2n+1 SO s (n>=2) 

/y^h/K #£L<teO. 4-1 WJ^h^t 
[0 0 2 5] UTii, ^ 20 

1, h^ex^^^^if^ai— TvMg&iftfSW 

[0 0 2 6] 

[0027] mm&i i 

l.^XlO^S/cm) 5^5^ 
t\ w^l/i: L i PF ( 1 fH5£\ i/^o^tyy/hA' 
(Sffltfcl : 1) 4 5»Ji:*»L, mfl&fS 

jtfv-r^ ? o tf— X£ 9 0 CC-Cfg^S Lfc/W 
^ ^— 7j?^SrJj5&^bT#^¥*&fa^ 1 0 v m<£>#— zK>" 40 
!|ft5tc (d002:3.50A.Lc:18A) 1 5 §(SSr 

tt, ^«f«l:J:6l^-e, o. 

[0 0 2 8] O^K, ±ffi<Z>*— sJ?V»5lc9«5^, ^ 
y^U^!J77|l:t^!Jfyi*pt^ Mitt 

«8Lt !MI?$^18//m^I±(iMU ft 




6 

u ttm&£xfi&mnm\z.}) j*mm&m\<\ l i p 

h t cOfiCftit 1 : 1 1 *A^/ y ^ h/WM 

[0 0 2 9] MMffl 2 

-ft — zK»$)5fct lt\ t7^uyt°!yf §rl, ooot 
0 n m<D (d002:3. 8 0 A, Lc: 

1 2 A) 1 5t$&m^it$kfM* mmmi 

h£0. 3 // mT*$)0/: 0 
[0 0 3 0] MtfcWl 3 

oxiO' s s/cm) sfts&JB^fcfiA^fi* H*60iji 

[0031] mmm4 

: 1. 0X1 O^S/cm) 5^, L i P F 6 1 

h;uxy (fifitfci : l) ^ 

«4K3 ospw^sttsrfflv^^tt, ^mi arnw 

lilt, -fe/v^^Lfco ^C*5, S5^@^m^KI^ 
^^«0. 5 mt'fco/: 0 
[0 0 3 2] 5 

^r?ft try ^ <t t) tttfi ^ o tr— x«r 9 0 

0 , C^«! f S Ufc^^^ 5!/-#y»lT#fcW 
^ 1 0 m0^7— ^>-*&5|c (d002:3. 5 0 A, L 

c:i8A) 99Si:. /M^ilt^y^^b^y 

S:fflv^^ffj5S6 0 if mi* 6^- HAffiSrf^MLfco 
\U**/V*^*y-;^/b;\'^s (Sfilti : i) u 
0. 3 nmk \z.b — h L x ft^Lfe e C 

[0 0 3 3] Jtf£0iJ 1 

[0034] itmm 2 

[0 0 3 5] tbfifilCT 3 

SL/:W*- /fy^Lt^¥^l Ojum 
xK^5N (d 002:3. 43 A, Lc : 265 



(5) 



-330717 



8 



£SLfc 0 ft*5, »^B(*:«mniOV$»0. 3 /xm 

[0 0 3 6] Jt(SW4 
* (y*-*-fc>f ^GSM : 1. OXlO-'S/cm) £r 

[0 0 3 7] fcfc$fc0ij 5 



* 10 
3?1 



(d 002:3. 43 A, Lc:265 
A) $r/J|V\ 3&»o»a«t-J:5«OTSrtT*>ft*»ofc^ 

[0 0 3 8] ^.hO^^J 1-5*5 0:^^1 — 50 
[0 0 3 9] 











(mV vs. LI /L 1 + ) 


(mAh/g) 




-40 


38 0 




-3 5 


5 0 0 


££&£093 


- 3 5 


34 0 




-4 5 


3 9 0 




-3 0 


340 




- 1 0 


3 0 5 




- 5 


4 10 


Jfc«0i3 


-30 


7 0 


*W£0|4 


-2 0 


6 0 


Jt8095 


-2 5 


18 0 



[0040] ±BB<0«ia»e>, tf> , $L*mmz£& 

frflMUftft^fcifclMl, 2<0±/i-titm^Xs 

So 

[0041] rnuifcfu flSfeStt*— #v<o«ft^*ffi 

tf*4>ft<, ^o5te«^S^^<{ftT-r5o d 40 

00 2^3. 4 5AM^^I»-^^ffl^fc 

*t *t * 0 k # ^ b fcrnmnrnv x zwMkwz t ^ 
if^e>ttftv\ 

[0 0 4 2] ft4b\ itj^i^lW-CSSltl^ 
#^&fflV^H:|fc0ij5<Z>-fe/l'«fc 



[0 0 4 3] 

5F*&Jlfl9BESt [d 0 0 2] fl*3. 4 5A^±©^- *K>- 
!)A^tyfeW5X 1 O^S/cmJ^Ji-C^e^^-^ 

ft^tti«^@frs#a-c««byi:rfcicj;9, y^* 
[i^ffiofamftiftw] 

[si] ^wtfflv^*- *is&m&M 



[13 2] Wb^-^^^f^^-^ySrfflV^ 
[0 3] *-?K^©WSIWEK td 00 2] 

1 u—^n^ 

2 ^*^e*ttA£?B(tfBMrK 



3 
4 



(6) 



10 



* 5 */—hWi<Dfimtimfc 



9-330717 



[01] 

3 



[02] 




1 



1 : itfVfft^ 

8 :framtt 

5 : httOft**^* 




200 400 600 800 
§g (raAh/g) 



1000 



13] 



IE-OS 




33 3.4 3.5 3.6 3.7 3.8 3.9 



